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𝑍𝑛
𝑵𝒓 𝒎
5.107 105 ≤ 𝑁 ≤ 𝑁𝑟
𝑁𝑟 ≤ 𝑁 ≤ 10
10
2.106 105 ≤ 𝑁 ≤ 𝑁𝑟
𝑁𝑟 ≤ 𝑁 ≤ 10
10
2.106 105 ≤ 𝑁 ≤ 𝑁𝑟
𝑁𝑟 ≤ 𝑁 ≤ 10
10
𝑍𝑛
319[𝑅𝑃𝑀] × 60[𝑚𝑖𝑛. ] × 0,67[ℎ 𝑑𝑖𝑎𝑠] × 250[𝑑𝑖𝑎𝑠] × 4[𝑎𝑛𝑜𝑠]⁄
=  1.28 × 107[𝑐𝑖𝑐𝑙𝑜𝑠]
𝑍𝑁 = (
5 × 107
1.28 × 107
)
0.0756
= 1.108 
𝐾𝐵
𝐾𝐵 =
1×1
1,1082
= 0.814
𝐶2
β 𝐶2
𝐶2
β
𝑪𝟐
𝐶3
𝐶3
 
32 
𝐶3 =
𝑐0+𝑐1𝑣𝑡+𝑐2𝑣𝑡
2+𝑐3𝑣𝑡
3
𝑒0+𝑒1𝑣𝑡
𝑐𝑖 𝑒𝑖
𝑐𝑖 𝐶3
𝒄𝟎 0.8950 + 1.299 × 10
−4𝑍1 0.7848 + 5.279 × 10
−4𝑍1
𝒄𝟏 0.01699 − 4.567 × 10
−4𝑍1 0.03257 − 7.321 × 10
−4𝑍1
𝒄𝟐 −5.840 × 10
−4 + 1.357 × 10−5𝑍1 −1.447 × 10
−3 + 2.847 × 10−5𝑍1
𝒄𝟑 6.104 × 10
−6 − 1.475 × 10−7𝑍1 1.991 × 10
−5 − 4.067 × 10−7𝑍1
𝑒𝑖 𝐶3
𝒆𝟎 𝒆𝟏
1.849 × 10−4𝑍1
2.449 × 10−4𝑍1
𝐶4
𝐶4 =
1
𝐾𝐻𝛼𝐾𝐻𝛽
𝐾𝐻𝛼 𝐾𝐻𝛽
𝐶4
𝑲𝑯𝜷 𝑲𝑯𝜶
1.135 + 0.18(𝑏 𝑑1⁄ )
2 + 2.3 × 10−4𝑏
1.170 + 0.18(𝑏 𝑑1⁄ )
2 + 4.7 × 10−4𝑏
𝐶3 𝐶4
𝑏 𝑑1
𝑍1 𝑚𝑛 𝐶3 𝐶4
 
33 
𝐶3 𝐶4
𝐶3 = 0.905 𝐶4 = 0.760
𝐶5
𝜎𝐻𝑙𝑖𝑚 𝐶𝑤 𝐶5
𝐶5 = (
𝜎𝐻𝑙𝑖𝑚𝐶𝑤
𝐶𝑒
)
2
𝐶𝑒 190 MPa 𝐶𝑤
𝝈𝑯𝒍𝒊𝒎 (𝑴𝑷𝒂)
𝜎𝐻𝑙𝑖𝑚 = 1200 𝑀𝑃𝑎
𝐶5
𝐶5 = (
𝜎𝐻𝑙𝑖𝑚𝐶𝑤
𝐶𝑒
)
2
= (
1200 × 1
190
)
2
= 39.889 
𝐶6
𝐶6 = {
1               𝐸𝑛𝑑𝑢𝑟𝑒𝑐𝑖𝑚𝑒𝑛𝑡𝑜 𝑠𝑢𝑝𝑒𝑟𝑓𝑖𝑐𝑖𝑎𝑙
0.72                       𝑇ê𝑚𝑝𝑒𝑟𝑎 𝑒 𝑟𝑒𝑣𝑒𝑛𝑖𝑑𝑜
𝑪𝟑 𝑪𝟒
 
34 
𝐾𝑎𝑑𝑚 =
1
0.814
× 0.21 × 0.905 × 0.760 × 39.889 × 0.72 ≈ 5.096 𝑀𝑃𝑎
𝐾𝑎𝑑𝑚
𝑚𝑛 =  267√(
1
𝑍1
)
2
×  
0.731
319 × 10 × 5.096
×
3.8 + 1
3.8
3
≈
10.492
𝑍1
2 3⁄
𝑍1 𝑚𝑛 𝑍1 =
95
𝑚𝑛 =
𝑟 =
𝑍𝑚
2
𝒁𝟏 𝒁𝟐 ≈ 𝟑. 𝟖𝒁𝟏 𝒎 (𝒆𝒒. 𝟑. 𝟒 − 𝟏𝟐) 𝒎𝒏 𝒅𝟏 (𝒎𝒎) 𝒅𝟐 (𝒎𝒎)
𝐶3 𝐶4 𝑣𝑡 =
𝑤1𝑟1 = (2𝜋𝑛1𝑟1) 60 = (2𝜋 × 319,2 × 17.6) 60⁄ = 0.588 𝑚 𝑠⁄⁄ 𝑍1 = 44
𝐶3 = 0.904
𝑏 = 𝐶𝑏 × 𝑚𝑛 = 10 × 0.8 = 8 𝑚𝑚 𝐾𝐻𝛽 = 𝐶4 = 0.872
𝐾𝑎𝑑𝑚 = 7.41𝐶3𝐶4 = 5.84 𝑀𝑃𝑎
𝑃𝑎𝑑𝑚 𝑃𝑐𝑖𝑐𝑙𝑖𝑠𝑡𝑎
 
35 
𝑃𝑎𝑑𝑚 ≥ 𝑃𝑐𝑖𝑐𝑙𝑖𝑠𝑡𝑎 ≥ 0.731 [𝐾𝑊]
𝑃𝑎𝑑𝑚 = 5.236 × 10
−8𝑛1
𝑢
𝑢 + 1
𝑚𝑛
3 (
𝑍1
cos 𝛽
)
2
𝐶𝑏𝐾𝑎𝑑𝑚 [𝐾𝑊]
𝑃𝑎𝑑𝑚 = 5.236 × 10
−8319.2
167 44⁄
167 44⁄ + 1
0.83 (
44
cos 0
)
2
10 × 5.84 = 0.766 [𝐾𝑊]
3.4.2.  Segundo e Terceiro andares suplementares 
𝐾𝑎𝑑𝑚
𝐾𝑎𝑑𝑚
𝑲𝒃 𝑪𝟐 𝑪𝟑 𝑪𝟒 𝑪𝟓 𝑪𝟔 𝑲𝒂𝒅𝒎
 
𝐾𝑎𝑑𝑚
𝑲𝒃 𝑪𝟐 𝑪𝟑 𝑪𝟒 𝑪𝟓 𝑪𝟔 𝑲𝒂𝒅𝒎
𝐾𝑎𝑑𝑚
𝒁𝟑 ≈ 𝟐. 𝟓𝒁𝟒 𝒁𝟒 𝒎 (𝒆𝒒. 𝟑. 𝟒 − 𝟏𝟐) 𝒎𝒏 𝒅𝟑 (𝒎𝒎) 𝒅𝟒 (𝒎𝒎)
 
36 
𝒁𝟓 ≈ 𝟏. 𝟖𝒁𝟔 𝒁𝟔 𝒎 (𝒆𝒒. 𝟑. 𝟒 − 𝟏𝟐) 𝒎𝒏 𝒅𝟓 (𝒎𝒎) 𝒅𝟔 (𝒎𝒎)
𝐶3 𝐶4 𝐾𝑎𝑑𝑚
𝒏𝟒 [𝑹𝑷𝑴] 𝒗𝒕 = 𝒘𝟒𝒓𝟒 [𝒎 𝒔⁄ ] 𝒃 [𝒎𝒎] 𝑲𝑯𝜶 𝑲𝑯𝜷 𝑪𝟑 𝑪𝟒 𝑲𝒂𝒅𝒎 
798 1.253 6 1 1.144 0.893 0.874 5.038 
𝒏𝟔 [𝑹𝑷𝑴] 𝒗𝒕 = 𝒘𝟔𝒓𝟔 [𝒎 𝒔⁄ ] 𝒃 [𝒎𝒎] 𝑲𝑯𝜶 𝑲𝑯𝜷 𝑪𝟑 𝑪𝟒 𝑲𝒂𝒅𝒎 
1436.4 2.708 3 1 1.137 0.777 0.880 4.034 
𝑃𝑎𝑑𝑚 𝑃𝑐𝑖𝑐𝑙𝑖𝑠𝑡𝑎
𝑃𝑎𝑑𝑚→2º𝐴𝑛𝑑𝑎𝑟 𝑠𝑢𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟 = 0.812 [𝐾𝑊]
𝑃𝑎𝑑𝑚→3º𝐴𝑛𝑑𝑎𝑟 𝑠𝑢𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟 = 0.758 [𝐾𝑊]
3.5. Dimensionamento dos veios 
 
37 
𝐹𝑛
 
𝐹𝑡
𝐹𝑟
𝑃 𝛼
𝐹𝑡 =
30𝑃
𝜋 × 𝑛1 × 𝑟1
𝐹𝑟 = 𝐹𝑡 × tan (𝛼)
 
38 
∑ 𝐹𝑟 = (𝐹𝑐 + 𝑑𝐹𝑐)𝑐𝑜𝑠
𝑑𝜃
2
− 𝐹𝑐𝑐𝑜𝑠
𝑑𝜃
2
− 2𝑑𝐹𝑎 = 0
∑ 𝐹𝑡 = 2𝑑𝐹𝑛 𝑠𝑒𝑛
𝛼
2
− (2𝐹𝑐 + 𝑑𝐹𝑐)𝑠𝑒𝑛
𝑑𝜃
2
+ 𝜌𝑟𝑑𝜃𝑤2𝑟 = 0  
𝜌
𝑑𝜃 → 0 𝜇 = 𝐹𝑎 𝐹𝑛⁄
𝐹𝑐 = 𝐹0𝑒𝑥𝑝 [
𝜇𝜃
𝑠𝑒𝑛(𝛼 2⁄ )
] 
𝐹𝑐𝑀 𝐹𝑐𝑚 𝜃 = 0 𝜃 = 𝛽
𝐹𝑐𝑀 − 𝜌𝑣
2
𝐹𝑐𝑚 − 𝜌𝑣2
= 𝑒𝑥𝑝 [
𝜇𝛽
𝑠𝑒𝑛(𝛼 2⁄ )
] 
𝑀𝑡1 =
30𝑃
𝜋𝑛1
= (𝐹𝑐𝑀 − 𝐹𝑐𝑚)
𝑑1
2
 
𝐹𝑐𝑀 𝐹𝑐𝑚
𝑣 =
𝜋𝑛1𝑑1
60
 
39 
𝛽 = 2𝑎𝑟𝑐𝑐𝑜𝑠 (
𝑑2 − 𝑑1
2𝑎
)
𝐹ℎ =
60𝑃
𝜋𝑑1𝑛1
𝑠𝑒𝑛
𝛽
2
𝜎𝑒𝑞 = √𝜎𝑏
2+3𝜏𝑡
2 =
𝜎0
𝛾𝐹
𝜎0 𝛾𝐹
𝜎𝑏 =
𝑀𝑏𝜉
𝐼
 𝜏𝑡 =
𝑀𝑡𝑟
𝐽
𝐼 𝐽
𝐼 =
𝜋𝑑4
64
𝐽 =
𝜋𝑑4
32
𝑑
𝑟 = 𝜉 = 𝑑 2⁄
𝜎𝑏 =
32𝑀𝑏
𝜋𝑑3
𝜏𝑡 =
16𝑀𝑡
𝜋𝑑3
 
40 
𝑑 = √
32𝛾𝐹
𝜋𝜎0
√𝑀𝑏
2 +
3
4
𝑀𝑡
2
3
𝛾𝑀𝜎𝑎
𝜎𝑒
+ (
𝛾𝑀𝜎𝑚
𝜎𝑢
)
2
= 1
𝛾𝑀 𝜎𝑚
𝜎𝑎
𝜎𝑎 = 𝐾𝑓𝜎𝑏
𝜎𝑚 = √3𝜏
𝐾𝑓
𝜎𝑒 = 𝑘𝑎𝑠𝑘𝑡𝑎
?̅?𝑒𝑏
′
𝛾𝑀
 
41 
𝑘𝑎𝑠 = {
4.45?̅?𝑢
−0.265         Veio maquinado
1.58?̅?𝑢
−0.086            Veio retificado
?̅?𝑢 (MPa)
𝑘𝑡𝑎 = {
1.24𝑑−0.107                3 ≤ 𝑑 ≤ 51 𝑚𝑚
0.859 − 𝑑 1195      51 ≤ 𝑑 ≤ 254 𝑚𝑚⁄
𝑑
?̅?𝑒𝑏
′ = {
0.506?̅?𝑢            ?̅?𝑢 ≤ 1460 𝑀𝑃𝑎
740                     ?̅?𝑢 > 1460 𝑀𝑃𝑎
𝜎𝑢
?̅?𝑢 ≈ 1.1𝜎𝑢
(𝐾𝑓)
(𝐾𝑡)
𝐾𝑓 =
𝐾𝑡
1+
278
?̅?𝑢√𝑟
𝐾𝑡−1
𝐾𝑡
𝐾𝑡
 
 
42 
𝑟 𝑑⁄ 𝐷 𝑑⁄ 𝐾𝑡
𝐾𝑓 ≈ 𝐾𝑡 ≈ 2.6
𝑑2𝑣
𝑑𝑥2
=
𝑀
𝐸𝐼
𝑀(𝑥)
𝜃(𝑥) = ∫
𝑀(𝑥)
𝐸𝐼
𝑑𝑥 + 𝐶2𝑖−1
𝑣(𝑥) = ∬
𝑀(𝑥)
𝐸𝐼
𝑑𝑥𝑑𝑥 + 𝐶2𝑖−1 𝑥 + 𝐶2𝑖
𝐶2𝑖−1 𝐶2𝑖
𝜃 𝑣
 
43 
 
3.5.1. Veio 2 
 
44 
𝑛2 = 𝑛1 ∙
𝑍1 𝑍2 =⁄ 319.2 = 𝑛3 𝑃 = 0.731 𝑘𝑊 𝑟2 = 17.6 𝑚𝑚 𝑟3 = 37.5 𝑚𝑚
𝐹𝑡2 = 1242.5 𝑁, 𝐹𝑟2 = 452.2 𝑁, 𝐹𝑡3 = 583.2 𝑁, 𝐹𝑟3 = 212.3 𝑁
𝐹𝑡3 𝑒 𝐹𝑟3
𝐹𝑡3𝑦 =
289.7 𝑁, 𝐹𝑡3𝑧 = 506.1 𝑁, 𝐹𝑟3𝑦 = 184.2 𝑁, 𝐹𝑟3𝑧 = 105.5 𝑁
 y 
z 
𝐹𝑡3 
𝐹 𝑟
3
𝑧
 
𝐹𝑟3 
z 
y 
x 
𝐹𝑟3 
𝐹𝑡3 
𝐹𝑡2 
𝐹𝑟2 
 
45 
𝑥 = 79 𝑚𝑚)
𝑀𝑏 = √12,432 + 4,522 = 13.23 𝑁𝑚 
𝑀𝑡 = 83,1 × 𝑛1 𝑛2⁄ = 21.87 𝑁𝑚
(𝑅𝐴)  (𝑅𝐵)
𝐹𝑟3𝑦 + 𝐹𝑡3𝑦 = 473.9 𝑁,  𝐹𝑡2 = 1242.5 𝑁
y 
x 
𝐹𝑟3𝑦 + 𝐹𝑡3𝑦  𝐹𝑡2 
z 
x 
𝐹𝑟3𝑧 + 𝐹𝑡3𝑧 𝐹𝑟2 
𝐹𝑟3𝑧 + 𝐹𝑡3𝑧 = −400.9 𝑁,  𝐹𝑟2 = 452.2𝑁
 
46 
𝑑 < 16 𝑚𝑚 𝜎0 =
300 𝑀𝑃𝑎 𝛾𝐹 = 1.5
𝑑 = √
32 × 1.5
𝜋 × 300
√13.232 +
3
4
21,872
3
≥ 10.56 𝑚𝑚 
𝐾𝑓 = 2.6
𝜎𝑎 =
2.6 × 32 × 13.23 × 1000
𝜋 × 𝑑3
=
3.50 × 105
𝑑3
 𝑀𝑃𝑎 
𝜎𝑚 =
√3 × 16 × 21,87 × 1000
𝜋 × 𝑑3
=
1.93 × 105
𝑑3
 𝑀𝑃𝑎 
?̅?𝑢 = 528 𝑀𝑃𝑎 ?̅?𝑒𝑏
′ = 267.17 𝑀𝑃𝑎 𝑘𝑎𝑠 =
0.85  𝑘𝑡𝑎 = 1.24𝑑
−0.107 𝛾𝑀 = 1.7
𝜎𝑒 = 165.65𝑑
−0.107
4418.86
𝑑2.893
+
4.67 × 105
𝑑6
= 1 
𝑑 ≥ 16.38 𝑚𝑚
17 𝑚𝑚
 
47 
θ
𝐸𝐼𝜃(𝑥) = −
473,90
2
〈𝑥 − 0〉2 +
712,33
2
〈𝑥 − 9〉2 −
1480.93
2
〈𝑥 − 79〉2 +
1242.50
2
〈𝑥 − 89〉2
− 26246.38
𝐸𝐼𝑣(𝑥) = −
473,90
6
〈𝑥 − 0〉3 +
712,33
6
〈𝑥 − 9〉3 −
1480.93
6
〈𝑥 − 79〉3 +
1242.50
6
〈𝑥 − 89〉3
− 26246.38𝑥 + 293796.30
𝐸𝐼𝜃(𝑥) = −
90.06
2
〈𝑥 − 0〉2 +
116.16
2
〈𝑥 − 9〉2 −
127.76
2
〈𝑥 − 79〉2 +
101.66
2
〈𝑥 − 89〉2
+ 10699.48
y 
x 
 
48 
𝐸𝐼𝑣(𝑥) = −
90.06
6
〈𝑥 − 0〉3 +
116.16
6
〈𝑥 − 9〉3 −
127.76
6
〈𝑥 − 79〉3 +
101.66
6
〈𝑥 − 89〉3
+ 10699.48𝑥 − 85353.19 
𝐼
𝐸
𝜃𝐴𝑧 𝜃𝐴𝑦 𝜃𝐴
𝛥𝐴𝑧 𝛥𝐴𝑦 𝛥𝐴
𝜃𝐵𝑧 𝜃𝐵𝑦 𝜃𝐵
𝜃𝐶𝑧 𝜃𝐶𝑦 𝜃𝐶
𝜃𝐷𝑧 𝜃𝐷𝑦 𝜃𝐷
𝛥𝐷𝑧 𝛥𝐷𝑦 𝛥𝐷
3.5.2. Veio 3 
 
 
49 
y 
z 
𝐹𝑡5𝑦  
𝐹𝑟5𝑦  
𝐹𝑡5 
𝐹𝑟5 
𝑛4 = 𝑛3 ∙
𝑍3 𝑍4 =⁄ 798 = 𝑛5 𝑃 = 0.731 𝑘𝑊 𝑟4 = 15 𝑚𝑚 𝑟5 = 32.4 𝑚𝑚
𝐹𝑡4 = 583.2 𝑁, 𝐹𝑟4 = 212.3 𝑁, 𝐹𝑡5 = 270.0 𝑁, 𝐹𝑟5 = 98.3 𝑁
𝐹𝑡4𝑦 = 289.7 𝑁,  𝐹𝑡4𝑧 = 506.1 𝑁,  𝐹𝑟4𝑦 =
184.2 𝑁, 𝐹𝑟4𝑧 = −105.5 𝑁, 𝐹𝑡5𝑦 = −133.9 𝑁, 𝐹𝑡5𝑧 = 234.5 𝑁, 𝐹𝑟5𝑦 = −85.4 𝑁, 𝐹𝑟5𝑧 =
−48.7 𝑁
  
𝐹𝑟5 
𝐹𝑡5 
𝐹𝑡4 
𝐹𝑟4 
y 
z 
𝐹𝑟4𝑦  
𝐹𝑡4𝑦  
𝐹𝑟4 
𝐹𝑡4 
 
50 
𝑥 = 16.5 𝑚𝑚)
𝑀𝑏 = √1.592 + 7.472 = 7.64 𝑁𝑚 
𝑀𝑡 = 83,1 × 𝑛1𝑛3 𝑛2𝑛4⁄ = 8.74 𝑁𝑚
y 
x 
𝐹𝑟5𝑦 + 𝐹𝑡5𝑦 𝐹𝑟4𝑦 + 𝐹𝑡4𝑦 
z 
x 
𝐹𝑟5𝑧 + 𝐹𝑡5𝑧 𝐹𝑟4𝑧 + 𝐹𝑡4𝑧 
𝐹𝑟5𝑦 + 𝐹𝑡5𝑦 = −219.3 𝑁, 𝐹𝑟4𝑦 + 𝐹𝑡4𝑦 = 473.9 𝑁
𝐹𝑟5𝑧 + 𝐹𝑡5𝑧 = 185.8 𝑁, 𝐹𝑟4𝑧 + 𝐹𝑡4𝑧 = 400.6 𝑁
 
51 
𝑑 < 16 𝑚𝑚
𝜎0 = 300 𝑀𝑃𝑎 𝛾𝐹 = 1.5
𝑑 = √
32 × 1.5
𝜋 × 300
√7.642 +
3
4
8.742
3
≥ 8.18 𝑚𝑚 
𝐾𝑓 = 2.6
𝜎𝑎 =
2.6 × 32 × 7.64 × 1000
𝜋 × 𝑑3
=
2.02 × 105
𝑑3
 𝑀𝑃𝑎 
𝜎𝑚 =
√3 × 16 × 8.74 × 1000
𝜋 × 𝑑3
=
0.77 × 105
𝑑3
 𝑀𝑃𝑎 
?̅?𝑢 = 528 𝑀𝑃𝑎 ?̅?𝑒𝑏
′ = 267.17 𝑀𝑃𝑎 𝑘𝑎𝑠 =
0.85  𝑘𝑡𝑎 = 1.24𝑑
−0.107 𝛾𝑀 = 1.7
𝜎𝑒 = 165.65𝑑
−0.107
2073.05
𝑑2.893
+
0.74 × 105
𝑑6
= 1 
𝑑 ≥ 13,5 𝑚𝑚
15 𝑚𝑚
 
52 
𝐸𝐼𝜃(𝑥) = −
219.30
2
〈𝑥 − 0〉2 +
473.90
2
〈𝑥 − 5.5〉2 −
453.91
2
〈𝑥 − 16.5〉2 +
199.31
2
〈𝑥 −
24.5〉2 − 3070.60
𝐸𝐼𝑣(𝑥) = −
219.30
6
〈𝑥 − 0〉3 +
473.90
6
〈𝑥 − 5.5〉3 −
453.91
6
〈𝑥 − 16.5〉3 +
199.31
6
〈𝑥 −
24.5〉3 − 3070.60𝑥 + 109725.32
𝐸𝐼𝜃(𝑥) =
185.80
2
〈𝑥 − 0〉2 +
473.90
2
〈𝑥 − 5.5〉2 −
1694.53
2
〈𝑥 − 16.5〉2 +
1034.83
2
〈𝑥 −
24.5〉2 − 76039.24
 
53 
𝐸𝐼𝑣(𝑥) =
185.80
6
〈𝑥 − 0〉3 +
473.90
6
〈𝑥 − 5.5〉3 −
1694.53
6
〈𝑥 − 16.5〉3 +
1034.83
6
〈𝑥 −
24.5〉3 − 76039.24𝑥 + 1010414.53
𝐼
𝐸
𝜃𝐴𝑧 𝜃𝐴𝑦 𝜃𝐴
𝛥𝐴𝑧 𝛥𝐴𝑦 𝛥𝐴
𝜃𝐵𝑧 𝜃𝐵𝑦 𝜃𝐵
𝛥𝐵𝑧 𝛥𝐵𝑦 𝛥𝐵
𝜃𝐶𝑧 𝜃𝐶𝑦 𝜃𝐶
𝜃𝐷𝑧 𝜃𝐷𝑦 𝜃𝐷
3.5.3. Veio 4 
 
 
54 
β
(𝑣) 𝑛 = 1436.4 𝑅𝑃𝑀
𝜇 𝑠𝑒𝑛(𝛼 2)⁄⁄
ρ [Kg/m]
(𝑣) β
𝒗 [𝒎 𝒔⁄ ] 𝜷 [𝒓𝒂𝒅] 𝑨 [𝒎𝒎] 𝝁 𝒔𝒆𝒏(𝜶 𝟐⁄ )⁄ 𝝆 [𝑲𝒈 𝒎⁄ ] 
β 
𝐹𝑐𝑀 
𝐹𝑐𝑚 
β 
𝐹𝑐𝑀 
𝐹𝑐𝑚 
 
55 
(𝐹𝑐𝑀)
(𝐹𝑐𝑚)
𝐹𝑐𝑀[𝑁]
𝐹𝑐𝑚[𝑁]
𝐹𝑐𝑀[𝑁]
𝐹𝑐𝑚[𝑁]
𝑛6 = 𝑛5 ∙ 𝑍5 𝑍6 =⁄ 1436.4 = 𝑛5 𝑃 = 0.731 𝑘𝑊 𝑟5 = 37.5 𝑚𝑚 𝑟6 =
18 𝑚𝑚 𝐹𝑡6 = 270.0 𝑁, 𝐹𝑟6 = 98.3 𝑁
𝐹𝑡6𝑦 = −163.7 𝑁,  𝐹𝑡6𝑧 = −214.7 𝑁, 𝐹𝑟6𝑦 = 59.6 𝑁, 𝐹𝑟6𝑧 = −78.2 𝑁, 𝐹𝑐𝑀𝑦 =
113.6 𝑁, 𝐹𝑐𝑀𝑧 = −482.0 𝑁, 𝐹𝑐𝑚𝑦 = −68.5 𝑁, 𝐹𝑐𝑚𝑧 = −290.8 𝑁
y 
z 
x 
𝐹𝑟6 
𝐹𝑡6 
𝐹𝑐𝑀 
𝐹𝑐𝑚 
 
56 
y 
z 
𝐹𝑐𝑀 𝐹𝑐𝑀𝑦 
𝐹𝑐𝑀𝑧 
y 
z 
𝐹𝑡6 
𝐹𝑟6𝑦  
𝐹𝑡6𝑦  
   
𝑥 = 53.8 𝑚𝑚)
y 
x 
𝐹𝑟6𝑦 + 𝐹𝑡6𝑦 𝐹𝑐𝑀𝑦 + 𝐹𝑐𝑚𝑦  
z 
x 
𝐹𝑟6𝑧 + 𝐹𝑡6𝑧  𝐹𝑐𝑀𝑧 + 𝐹𝑐𝑚𝑧  
z 
y 
𝐹𝑐𝑚 
𝐹𝑐𝑚𝑧 𝐹𝑐𝑚𝑦 
𝐹𝑟6𝑦 + 𝐹𝑡6𝑦 = −104.1 𝑁, 𝐹𝑐𝑀𝑦 + 𝐹𝑐𝑚𝑦 = 47.1 𝑁
𝐹𝑟6𝑧 + 𝐹𝑡6𝑧 = −292.9 𝑁, 𝐹𝑐𝑀𝑧 + 𝐹𝑐𝑚𝑧 = −772.8 𝑁
 
57 
𝑀𝑏 = √1.692 + 14.322 = 14.42 𝑁𝑚 
𝑀𝑡 = 83,1 × 𝑛1𝑛3𝑛5 𝑛2𝑛4𝑛6⁄ = 4.86 𝑁𝑚
𝑑 < 16 𝑚𝑚
𝜎0 = 300 𝑀𝑃𝑎 𝛾𝐹 = 1.5
𝑑 = √
32 × 1.5
𝜋 × 300
√14.422 +
3
4
4.862
3
≥ 9.15 𝑚𝑚 
𝐾𝑓 = 2.6
𝜎𝑎 =
2.6 × 32 × 14.42 × 1000
𝜋 × 𝑑3
=
3.82 × 105
𝑑3
 𝑀𝑃𝑎
𝜎𝑚 =
√3 × 16 × 4.86 × 1000
𝜋 × 𝑑3
=
0.43 × 105
𝑑3
 𝑀𝑃𝑎
?̅?𝑢 = 528 𝑀𝑃𝑎 ?̅?𝑒𝑏
′ = 267.17 𝑀𝑃𝑎 𝑘𝑎𝑠 =
0.85  𝑘𝑡𝑎 = 1.24𝑑
−0.107 𝛾𝑀 = 1.7
𝜎𝑒 = 165.65𝑑
−0.107
3920.31
𝑑2.893
+
0.23 × 105
𝑑6
= 1
𝑑 ≥ 16.75 𝑚𝑚
19 𝑚𝑚
 
58 
 
𝐸𝐼𝜃(𝑥) = −
104.10
2
〈𝑥 − 0〉2 +
95.82
2
〈𝑥 − 12.95〉2 +
47.10
2
〈𝑥 − 53.75〉2 −
38.82
2
〈𝑥 −
97.25〉2 + 67725.08
𝐸𝐼𝑣(𝑥) −
104.10
6
〈𝑥 − 0〉3 +
95.82
6
〈𝑥 − 12.95〉3 +
47.10
6
〈𝑥 − 53.75〉3 −
38.82
6
〈𝑥 −
97.25〉3 + 67725.08𝑥 − 839359.98
𝐸𝐼𝜃(𝑥) = −
292.90
2
〈𝑥 − 0〉2 +
736.21
2
〈𝑥 − 12.95〉2 −
772.80
2
〈𝑥 − 53.75〉2 +
329.49
2
〈𝑥 −
97.25〉2 − 215297.52
x 
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𝐸𝐼𝑣(𝑥) = −
292.90
6
〈𝑥 − 0〉3 +
736.21
6
〈𝑥 − 12.95〉3 −
772.80
6
〈𝑥 − 53.75〉3 +
329.49
6
〈𝑥 −
97.25〉3 − 215297.52𝑥 + 2894120.40
𝐼
𝐸
𝜃𝐴𝑧[ 𝜃𝐴𝑦 𝜃𝐴
𝛥𝐴𝑧 𝛥𝐴𝑦 𝛥𝐴
𝜃𝐵𝑧[ 𝜃𝐵𝑦 𝜃𝐵
𝜃𝐶𝑧 𝜃𝐶𝑦 𝜃𝐶
𝛥𝐶𝑧 𝛥𝐶𝑦 𝛥𝐵
𝜃𝐷𝑧[ 𝜃𝐷𝑦 𝜃𝐷
3.5.4. Veio 5 
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(𝐹𝑐𝑀) (𝐹𝑐𝑚)
 (𝐹ℎ)
 
𝑛8 = 𝑛7 ∙ 𝑑𝐹100𝑏 𝑑𝑅100𝑏 =⁄ 610.5 𝑅𝑃𝑀 = 𝑛9 𝑃 = 0.731 𝑘𝑊 𝐹𝑐𝑀 =
421.85 𝑁 𝐹𝑐𝑚 = 225.55 𝑁 𝑑9 = 63.66 𝑚𝑚 𝛽 = 200°
𝐹ℎ =
60×0.731×106
𝜋×63.66×610.5
× 𝑠𝑒𝑛(200 2) = 354 𝑁⁄
𝐹𝑐𝑀𝑦 = −96.8 𝑁, 𝐹𝑐𝑀𝑧 = 410.6 𝑁, 𝐹𝑐𝑚𝑦 = 51.7 𝑁, 𝐹𝑐𝑚𝑧 =
219.5 𝑁 , 𝐹ℎ𝑦 = 310.8 𝑁, 𝐹ℎ𝑧 = 169.5 𝑁
   
𝐹𝑐𝑀 
𝐹𝑐𝑚 
𝐹ℎ 
y 
z 
𝐹𝑐𝑚 
𝐹𝑐𝑚𝑦  
𝐹𝑐𝑚𝑧  
y 
z 
𝐹𝑐𝑀 
𝐹𝑐𝑀𝑧 
𝐹𝑐𝑀𝑦  
y 
z 
𝐹ℎ 
𝐹ℎ𝑧 
𝐹ℎ𝑦 
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𝑥 = 58.5 𝑚𝑚
𝑀𝑏 = √3.482 + 6.922 = 7.75 𝑁𝑚 
𝑀𝑡 = 83,1 ×
𝑛1𝑛3𝑛5𝑛7
𝑛2𝑛4𝑛6𝑛8
= 11.44 𝑁𝑚
𝑑 < 16 𝑚𝑚
𝜎0 = 300 𝑀𝑃𝑎 𝛾𝐹 = 1.5
y 
x 
𝐹𝑐𝑀𝑦 + 𝐹𝑐𝑚𝑦  𝐹ℎ𝑦 
x 
z 𝐹𝑐𝑀𝑧 + 𝐹𝑐𝑚𝑧  𝐹ℎ𝑧 
 𝐹𝑐𝑀𝑦 + 𝐹𝑐𝑚𝑦 = −45.1 𝑁, 𝐹ℎ𝑦 = 310.8 𝑁
 𝐹𝑐𝑀𝑧 + 𝐹𝑐𝑚𝑧 = 630.1 𝑁, 𝐹ℎ𝑧 = 169.5 𝑁
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𝑑 = √
32 × 1.5
𝜋 × 300
√7.752 +
3
4
11.442
3
≥ 8.55 𝑚𝑚 
𝐾𝑓 = 2.6
𝜎𝑎 =
2.6 × 32 × 7.75 × 1000
𝜋 × 𝑑3
=
2.05 × 105
𝑑3
 𝑀𝑃𝑎
𝜎𝑚 =
√3 × 16 × 11.44 × 1000
𝜋 × 𝑑3
=
1.01 × 105
𝑑3
 𝑀𝑃𝑎
?̅?𝑢 = 528 𝑀𝑃𝑎 ?̅?𝑒𝑏
′ = 267.17 𝑀𝑃𝑎 𝑘𝑎𝑠 =
0.85  𝑘𝑡𝑎 = 1.24𝑑
−0.107 𝛾𝑀 = 1.7
𝜎𝑒 = 165.65𝑑
−0.107
2103.83
𝑑2.893
+
1.28 × 105
𝑑6
= 1
𝑑 ≥ 13,30 𝑚𝑚
19 𝑚𝑚
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𝐸𝐼𝜃(𝑥) = −
104.10
2
〈𝑥 − 0〉2 +
95.82
2
〈𝑥 − 12.95〉2 +
47.10
2
〈𝑥 − 53.75〉2 −
38.82
2
〈𝑥 −
97.25〉2 + 67725.08
𝐸𝐼𝑣(𝑥) −
104.10
6
〈𝑥 − 0〉3 +
95.82
6
〈𝑥 − 12.95〉3 +
47.10
6
〈𝑥 − 53.75〉3 −
38.82
6
〈𝑥 −
97.25〉3 + 67725.08𝑥 − 839359.98
𝐸𝐼𝜃(𝑥) = −
292.90
2
〈𝑥 − 0〉2 +
736.21
2
〈𝑥 − 12.95〉2 −
772.80
2
〈𝑥 − 53.75〉2 +
329.49
2
〈𝑥 −
97.25〉2 − 215297.52
𝐸𝐼𝑣(𝑥) = −
292.90
6
〈𝑥 − 0〉3 +
736.21
6
〈𝑥 − 12.95〉3 −
772.80
6
〈𝑥 − 53.75〉3 +
329.49
6
〈𝑥 −
97.25〉3 − 215297.52𝑥 + 2894120.40
𝐼
𝐸
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𝜃𝐴𝑧[ 𝜃𝐴𝑦 𝜃𝐴
𝜃𝐵𝑧[𝑚𝑟𝑎𝑑] 𝜃𝐵𝑦[𝑚𝑟𝑎𝑑] 𝜃𝐵
𝛥𝐵𝑧[ 𝛥𝐵𝑦[𝑚𝑚] 𝛥𝐵
𝜃𝐶𝑧 𝜃𝐶𝑦 𝜃𝐶
3.5.5. Veio 6 
 (𝐹ℎ) 
(𝑅𝑚) 𝑅𝑚)
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𝑛10 = 𝑛9 ∙
𝑑𝐻𝐷 40−5𝑀 𝑑𝐻𝐷 60−5𝑀 =⁄ 336 𝑅𝑃𝑀 𝑃 = 0.731 𝑘𝑊 𝑑HD 60−5M = 95.49 𝑚𝑚 𝛽 = 226.
𝐹ℎ =
60×0.731×106
𝜋×95.49×336
× 𝑠𝑒𝑛(226 2) = 435.4 𝑁⁄
𝑅m
𝐹ℎ𝑦 = −368 𝑁, 𝐹ℎ𝑧 = −232.7 𝑁. 
𝐹ℎ
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𝑥 = 54 𝑚𝑚
𝑀𝑏 = √4.422 + 2.272 = 4.97 𝑁𝑚 
𝑀𝑡 = 83,1 ×
𝑛1𝑛3𝑛5𝑛7𝑛9
𝑛2𝑛4𝑛6𝑛8𝑛10
= 20.79 𝑁𝑚
𝑑 < 16 𝑚𝑚
𝜎0 = 300 𝑀𝑃𝑎 𝛾𝐹 = 1.5
  𝐹ℎ𝑦 = −368 𝑁
 𝑅𝑚 = 421.4 𝑁, 𝐹ℎ𝑧 = −232.7 𝑁
 
67 
𝑑 = √
32 × 1.5
𝜋 × 300
√4.972 +
3
4
20.792
3
≥ 9.83 𝑚𝑚 
𝐾𝑓 = 2.6
𝜎𝑎 =
2.6 × 32 × 4.97 × 1000
𝜋 × 𝑑3
=
1.32 × 105
𝑑3
 𝑀𝑃𝑎
𝜎𝑚 =
√3 × 16 × 20.79 × 1000
𝜋 × 𝑑3
=
1.83 × 105
𝑑3
 𝑀𝑃𝑎
?̅?𝑢 = 528 𝑀𝑃𝑎 ?̅?𝑒𝑏
′ = 267.17 𝑀𝑃𝑎 𝑘𝑎𝑠 =
0.85  𝑘𝑡𝑎 = 1.24𝑑
−0.107 𝛾𝑀 = 1.7
𝜎𝑒 = 165.65𝑑
−0.107
1354.7
𝑑2.893
+
4.2 × 105
𝑑6
= 1
𝑑 ≥ 12 𝑚𝑚
15 𝑚𝑚
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𝐸𝐼𝜃(𝑥) = −
50.93
2
〈𝑥 − 0〉2 +
280.13
2
〈𝑥 − 54〉2 −
229.2
2
〈𝑥 − 66〉2 + 24753.60
𝐸𝐼𝑣(𝑥) −
50.93
6
〈𝑥 − 0〉3 +
280.13
6
〈𝑥 − 54〉3 −
229.2
6
〈𝑥 − 66〉3 + 24753.6𝑥
𝐸𝐼𝜃(𝑥) =
168.66
2
〈𝑥 − 0〉2 −
421.4
2
〈𝑥 − 27〉2 +
441.94
2
〈𝑥 − 54〉2 −
189.2
2
〈𝑥 − 66〉2
− 56366.55
𝐸𝐼𝜃(𝑥) =
168.66
6
〈𝑥 − 0〉3 −
421.4
6
〈𝑥 − 27〉3 +
441.94
6
〈𝑥 − 54〉3 −
189.2
6
〈𝑥 − 66〉3
− 56366.55𝑥
𝐼
𝐸
𝜃𝐴𝑧[ 𝜃𝐴𝑦[ 𝜃𝐴[
𝜃𝐵𝑧[ 𝜃𝐵𝑦[ 𝜃𝐵[
𝜃𝐶𝑧[ 𝜃𝐶𝑦[ 𝜃𝐵[
𝛥𝐶𝑧[ 𝛥𝐶𝑦[ 𝛥𝐷[
 
69 
3.6. Dimensionamento dos rolamentos  
𝐿10 = (
𝐶
𝑃
)
𝑝
   (3.6-1) 
𝑝
𝑃 = 𝑋𝐹𝑟 + 𝑌𝐹𝑎  (3.6-2) 
𝐹𝑟) 𝐹𝑎 𝑋
𝑌
𝑃 = 𝐹𝑟 𝑋 = 1
𝑛
𝑡 =  
𝐿1010
6
60𝑛
  (3.6-3) 
𝐶 ≥ (
60 × 𝑡 × 𝑛
106
)
1/3
× 𝑃 
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3.6.1.  Veio 2 
 
damin = 19 mm
3.6.2.  Veio 3 
damin = 17 mm; Damax = 26 mm; ramax =
0.3 mm. damin = 17 mm
Apoio A: 
𝑅𝐴 = 0.88 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.88 𝑘𝑁 
{
𝑛2 = 319.2 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.88 𝑘𝑁
→ 𝐶 ≥ 2.08 𝑘𝑁 
 
 
Apoio A: 
𝑅𝐴 = 0.88 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.88 𝑘𝑁 
{
𝑛2 = 319.2 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.88 𝑘𝑁
→ 𝐶 ≥ 2.08 𝑘𝑁 
 
Apoio B: 
𝑅𝐵 = 1.59 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 1.59 𝑘𝑁 
{
𝑛2 = 319.2 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 1.59 𝑘𝑁
→ 𝐶 ≥ 3.71 𝑘𝑁 
 
 
Apoio B: 
𝑅𝐵 = 1.59 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 1.59 𝑘𝑁 
{
𝑛2 = 319.2 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 1.59 𝑘𝑁
→ 𝐶 ≥ 3.71 𝑘𝑁 
 
𝑑𝑎𝑚𝑖𝑛 = 19 𝑚𝑚; 𝐷𝑎𝑚𝑎𝑥 = 28 𝑚𝑚; 𝑟𝑎𝑚𝑎𝑥 = 0.3 𝑚𝑚; ]
Apoio C: 
𝑅𝐶 = 1.59 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 1.59 𝑘𝑁 
{
𝑛3 = 798 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 1.59 𝑘𝑁
→ 𝐶 ≥ 5.05 𝑘𝑁 
 
 
Apoio C: 
𝑅𝐶 = 1.59 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 1.59 𝑘𝑁 
{
𝑛3 = 798 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 1.59 𝑘𝑁
→ 𝐶 ≥ 5.05 𝑘𝑁 
 
Apoio D: 
𝑅𝐷 = 0.96 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.96 𝑘𝑁 
{
𝑛3 = 798 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.96 𝑘𝑁
→ 𝐶 ≥ 3.64 𝑘𝑁 
 
 
Apoio D: 
𝑅𝐷 = 0.96 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.96 𝑘𝑁 
{
𝑛3 = 798 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.96 𝑘𝑁
→ 𝐶 ≥ 3.64 𝑘𝑁 
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3.6.3.  Veio 4 
3.6.4.  Veio 5 
3.6.5.  Veio 6 
Apoio E: 
𝑅𝐸 = 0.74 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.74 𝑘𝑁 
{
𝑛4 = 1436.4 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.74 𝑘𝑁
→ 𝐶 ≥ 2.87 𝑘𝑁 
 
 
Apoio E: 
𝑅𝐸 = 0.74 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.74 𝑘𝑁 
{
𝑛4 = 1436.4 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.74 𝑘𝑁
→ 𝐶 ≥ 2.87 𝑘𝑁 
 
Apoio F: 
𝑅𝐹 = 0.33 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.33 𝑘𝑁 
{
𝑛4 = 1436.4 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.33 𝑘𝑁
→ 𝐶 ≥ 1.28 𝑘𝑁 
 
 
Apoio F: 
𝑅𝐹 = 0.33 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.33 𝑘𝑁 
{
𝑛4 = 1436.4 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.33 𝑘𝑁
→ 𝐶 ≥ 1.28 𝑘𝑁 
 
Apoio G: 
𝑅𝐺 = 0.13 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.13 𝑘𝑁 
{
𝑛5 = 3380 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.13 𝑘𝑁
→ 𝐶 ≥ 0.684 𝑘𝑁 
 
 
Apoio G: 
𝑅𝐺 = 0.13 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.13 𝑘𝑁 
{
𝑛5 = 3380 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.13 𝑘𝑁
→ 𝐶 ≥ 0.684 𝑘𝑁 
 
Apoio H: 
𝑅𝐻 = 0.75 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.75 𝑘𝑁 
{
𝑛5 = 3380 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.75 𝑘𝑁
→ 𝐶 ≥ 3.86 𝑘𝑁 
 
 
Apoio H: 
𝑅𝐻 = 0.75 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.75 𝑘𝑁 
{
𝑛5 = 3380 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.75 𝑘𝑁
→ 𝐶 ≥ 3.86 𝑘𝑁 
 
Apoio I: 
𝑅𝐼 = 0.13 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.07 𝑘𝑁 
{
𝑛6 = 1859 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.07 𝑘𝑁
→ 𝐶 ≥ 0.28 𝑘𝑁 
 
 
Apoio I: 
𝑅𝐼 = 0.13 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.07 𝑘𝑁 
{
𝑛6 = 1859 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.07 𝑘𝑁
→ 𝐶 ≥ 0.28 𝑘𝑁 
 
Apoio J: 
𝑅𝐽 = 0.36 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.36 𝑘𝑁 
{
𝑛6 = 1859 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.36 𝑘𝑁
→ 𝐶 ≥ 1.84 𝑘𝑁 
 
 
Apoio J: 
𝑅𝐽 = 0.36 𝑘𝑁 = 𝐹𝑟 → 𝑃 = 0.36 𝑘𝑁 
{
𝑛6 = 1859 𝑟𝑝𝑚
𝑡 = 670 ℎ
𝑃 = 0.36 𝑘𝑁
→ 𝐶 ≥ 1.84 𝑘𝑁 
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3.7. Dimensionamento de outros elementos de 
transmissão 
𝐹𝑡 = 𝑀𝑡 (𝑑 2⁄ )⁄
𝑞 = 𝐹𝑡 𝐿𝑎(ℎ − 𝑡𝑣)⁄
𝑞 =
2𝑀𝑡
𝑑(ℎ − 𝑡𝑣)𝐿𝑎
 (3.7-1) 
 
 
74 
𝒁 × 𝒅 × 𝑫 𝑏 𝑍 × 𝑑 × 𝐷 𝑏 𝑍 × 𝑑 × 𝐷 𝒃
6 × 11 × 14
6 × 13 × 16
6 × 16 × 20 10 × 16 × 20
6 × 18 × 22 10 × 18 × 23
6 × 21 × 25 10 × 21 × 26
𝟔 × 𝟐𝟑 × 𝟐𝟔 6 × 23 × 28 10 × 23 × 29
𝟔 × 𝟐𝟔 × 𝟑𝟎 6 × 26 × 32 10 × 26 × 32
𝟔 × 𝟐𝟖 × 𝟑𝟐 6 × 28 × 34 10 × 28 × 35
𝑞 =
2𝑀𝑡
𝑍𝑑𝑚(0.75ℎ)𝑙
 (3.7-2) 
𝑍 𝑑𝑚 ℎ 𝑙
𝒅 𝑏 𝐻 𝑡𝑣 𝑡𝑐 ℎ 𝑡𝑣 𝑡ℎ 𝐿𝑚𝑖𝑛 𝑳𝒎𝒂𝒙
𝟏𝟐 < 𝒅 ≤ 𝟏𝟕
𝟏𝟕 < 𝒅 ≤ 𝟐𝟐
L=10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40, 45, 50… 
𝑑 = 17 𝑚𝑚. 
𝑏 = 𝐻 = 5 𝑚𝑚  𝑡𝑣 = 3 𝑚𝑚.
𝑀𝑡 = 21.87 𝑁. 𝑚 𝑞 = 𝑞𝑎𝑑𝑚 = 90 𝑀𝑃𝑎
𝐿𝑎 ≥ 14.3 𝑚𝑚, 𝐿 = 𝐿𝑎 + 𝑏 ≥ 19.3 𝑚𝑚.
𝐿 = 20 𝑚𝑚. 
𝑑 = 17 𝑚𝑚
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𝑍 = 6, 𝑑 = 13𝑚𝑚, 𝐷 = 16𝑚𝑚 𝑏 = 3.5 ℎ = 1.5𝑚𝑚.
𝑀𝑡 = 21.87 𝑁. 𝑚 𝑞 = 𝑞𝑎𝑑𝑚 = 70 𝑀𝑃𝑎
𝑙 ≥ 6.38 𝑚𝑚
𝑙 = 6.5, 𝑍 = 6, 𝑑 =
13𝑚𝑚, 𝐷 = 16𝑚𝑚 𝑏 = 3.5
 
𝑑 =
15 𝑚𝑚. 𝑏 = 𝐻 = 5 𝑚𝑚  𝑡𝑣 =
3 𝑚𝑚. 𝑀𝑡 = 8.74 𝑁. 𝑚 𝑞 = 𝑞𝑎𝑑𝑚 =
90 𝑀𝑃𝑎 𝐿𝑎 ≥ 6.5 𝑚𝑚, 𝐿 = 𝐿𝑎 + 𝑏 ≥
11.4 𝑚𝑚. 𝐿 = 12 𝑚𝑚. 
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17 19 𝑚𝑚
17 𝑚𝑚 𝑏 =
𝐻 = 5 𝑚𝑚  𝑡𝑣 = 3 𝑚𝑚. 𝑀𝑡 = 4.86 𝑁. 𝑚 𝑞 = 𝑞𝑎𝑑𝑚 = 90 𝑀𝑃𝑎
𝐿𝑎 ≥ 3.18 𝑚𝑚, 𝐿 = 𝐿𝑎 + 𝑏 ≥  8.18 𝑚𝑚.
19 𝑚𝑚 𝑏 = 𝐻 = 6 𝑚𝑚  𝑡𝑣 =
3.5 𝑚𝑚 𝑀𝑡 = 4.86 𝑁. 𝑚 𝑞 = 𝑞𝑎𝑑𝑚 = 90 𝑀𝑃𝑎
𝐿𝑎 ≥ 2.27 𝑚𝑚, 𝐿 = 𝐿𝑎 + 𝑏 ≥  8.27 𝑚𝑚 𝐿𝑚𝑖𝑛 = 14 𝑚𝑚
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19 𝑚𝑚.
𝑏 = 𝐻 = 6 𝑚𝑚  𝑡𝑣 = 2.5 𝑚𝑚. 𝑀𝑡 =
11.44 𝑁. 𝑚 𝑞 = 𝑞𝑎𝑑𝑚 = 90 𝑀𝑃𝑎 𝐿𝑎 ≥
8.92 𝑚𝑚, 𝐿 = 𝐿𝑎 + 𝑏 ≥  14.92 𝑚𝑚.
16 𝑚𝑚
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15 𝑚𝑚
𝑏 = 𝐻 = 5 𝑚𝑚  𝑡𝑣 = 3 𝑚𝑚. 𝑀𝑡 = 20.79 𝑁. 𝑚 𝑞 = 𝑞𝑎𝑑𝑚 = 90 𝑀𝑃𝑎
𝐿𝑎 ≥ 15.4 𝑚𝑚, 𝐿 = 𝐿𝑎 + 𝑏 ≥  20.4 𝑚𝑚.
22 𝑚𝑚
14.5 𝑚𝑚
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3.8. Dimensionamento da mola 
 
 
𝑅𝑛
𝑅𝑛 = 778 2 = 389 𝑁⁄
𝜇 = 0.7
𝐹𝑎 = 0.7 × 389 = 272.3 𝑁 
 
𝑭𝒎 
𝑭𝒎𝒚 
 
 
𝑭𝒎𝒙 
𝑹𝒎 
 
𝑹𝒏 
𝑭𝒂 
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𝐹𝑎 = 𝐹𝑎 (𝑅𝑜𝑙𝑜−𝑃𝑛𝑒𝑢) ⇔ 𝜇 × 𝑅𝑛 = 𝜇 × 𝐹𝑚𝑥
𝐹𝑚𝑥 = 𝑅𝑛
𝐹𝑚 =
𝐹𝑚𝑥
cos (22.6°)
=
389 
cos (22.6°)
= 421.4 𝑁
𝐹 = 𝑘 × 𝛥𝑥 𝐹 𝑘
𝛥𝑥
𝐹𝑚 = 𝑘 × 𝛥𝑥 ⇔ 𝛥𝑥 =
421.4
18
= 23.41 mm
23.41 mm
421.4 𝑁
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3.9. Considerações sobre rolo de atrito 
 
 
  
83 
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Polia HD 
60 M5 
Rolo de 
Atrito 
Eixo Rolo 
de Atrito 
Rolamento
s 
Veio 
6 
Parafusos 
de Ligação 
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Capítulo 4  
CONCEITO FINAL 
4.1. Princípio de funcionamento 
86 
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4.2. Similaridade com sistemas 
4.3. Isolamento a elementos 
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89 
 
4.4. Possíveis ajustes 
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4.5. Sistema incorporado na bicicleta 
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Capítulo 5 
CONCLUSÕES E CONSIDERAÇÕES FUTURAS  
5.1. Conclusões 
5. Con
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5.2. Considerações futuras 
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Referências 
 
 
Referências
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Apêndice A 
 
Documentação Sistema de Polias Dentadas 
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Apêndice B 
 
Desenhos de Conjunto 
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